ABSTRACT
INTRODUCTION
Recently, the interesting history and development of the chemistry of iron halides was reviewed [1] . A new interest steeply increasing in the last decade is caused by possibility of ferrate use as a strong oxidizing agent for environmental uses [2] [3] [4] [5] and as a high capacity source of cathodic charge [6] [7] [8] . Furthermore it was found that some iron (III) complexes provide a useful structural and electronic model for the similarly coordinated iron (III) sites found in the heme iron enzymes [9] . The tetrahalogenoferrates (III) have been utilized in bioinorganic chemistry as reagents for synthesizing some model compounds, such as [Fe 2 S 2 Cl 4 ] 2- [10, 11] . The investigation of the structures and properties of these compounds and their similarities are interested. In this work, we report on the synthesis and characterisation of new complexes of type (R) 4 N[FeCl 3 X] -(X = F -, Cl -, Br -) Obtained directly from FeCl 3 and tetraalkylammonium salts. During this study we report the optimized geometries and infrared spectral measurements, assignments and electronic structure calculations for compounds. The structures of compounds have been optimized by the density functional theory (DFT) based method at B3LYP/ LANL2DZ levels of theory, using the Gaussian 03 package of programs [12] [13] [14] . The comparison between theory and experiment is made.
EXPERIMENTAL SECTION

General
The density functional and abinitio calculation have been performed with the Gaussian program and the basis sets implemented therein [13, [15] [16] [17] .
Acetonitrile (Fluka, P.A.) was distilled several times from phosphorus pentaoxide before use, thereby reducing its water content to < 4 ppm. 
Computational Methods
Density functional theory (DFT) calculations were carried out at B3LYP/LANL2DZ levels of theory with the Gaussian 03 package of programs [13, 19] which combines the exact Hartree-Fock exchange with Becke , s and uses the Lee-Yang-Parr correlation function in order to include the most important correlation effects. The structures of the molecules were completely optimized without any symmetry in all the levels. The optimized structural parameters were used in the vibrational frequency calculations at the HF and DFT levels to characterize all stationary points as minima [20] . Harmonic vibrational frequencies in cm -1 and infrared intensities (int) in Kilometer per mole of all compounds were performed at the same level on the respective fully optimized geometries. These compounds and their data are in accordance with recent works on the formation of four coordinate intermediates. The structures of complexes 1, 2 and 3 are shown in Figure 1 Geometry optimization shows that symmetry for compounds 1 and 3 is C 3V . Geometry optimization shows that symmetry for compound 2 is D 4h . Selected bond distances and angles are reported in Table 1 . We could not compare the calculation results given in Table  1 with the experimental data. Because the crystal structure of the title compound is not available till now. The calculations shown that the structures of these three trichlorohaloferrate salts, are not formed dimer, trimer, or more multi nuclear structures in solid states. B3LYP/ LANL2DZ results showed that the Fe-X (X = F, Cl, Br) bond length values for the [FeCl 3 X] -in compounds 1 -3 are 1.817, 2.289 and 2.458 Å, respectively. Also, the Fe-Cl 2 bond lengths values in [FeCl 3 X] -are 2.298, 2.2893 and 2.286 Å, respectively. These results reveal that the bond order for Fe-X bonds decrease from compounds 1 to 3, while for Fe-Cl 2 bonds, the bond orders increase. It can be concluded that the decrease of Fe-X bonds lengths and the increase of Fe-Cl 2 bond lengths in compounds 1 -3 result from the increase of the hyperconjugation from compounds 1 -3 Besides, the θ Cl2-Fe1-X5 bond angle values in compounds 1 -3 are 109.129, 109.46 and 109.075, respectively (see Table 1 ). The decrease of θ Cl2-Fe1-X5 bond angle values from compounds 1 to 3, could again, be explained by the increase of the hyperconjugation from compounds 1 to 3. The calculated infrared spectra of three ferrate complexes are presented in Figure 2 . The solid-state IR spectrum for the complexes 1, 2 and 3 shows Fe-Cl stretching resonances (300 -400 cm −1 ). The harmonic vibrational frequencies of all the stationary points at the B3LYP/ LANL2DZ level along with the available experimental data [21] [22] [23] , intensities in arbitrary units). 
RESULTS AND DISCUSSION
CONCLUSIONS
Three tetraalkylammonium salts of FeCl 3 were synthesized in one step and characterized by elemental analysis, IR, UV/Visible, and 81 Br-NMR techniques. Production of these compounds show the ability of tetraalkylammonium salts in halide addition to transition metal and main group elements compounds and the optimized geometry parameters calculated at B3LYP/LANL2DZ level. The optimized structures are in good agreement with the available experimental results. In the present article, the infrared spectra of the ferrate halide complexes were studied using the theoretical and experimental methods. Our theoretical infrared spectrum of compounds 1 -3 are in very good agreement compared to our experimental spectrum.
